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Morphological and Cytochemical Characteristics of Neutrophil from
Red Sea-bream, Pagrus major

Masakazu Kondo*, Takasuke Sakaguchi, Shunsuke Kanamaru, Naohiro Kashiwamura
and Yukinori Takahashi

Abstract : Morphological and cytochemical characteristics of neutrophil in red sea-bream, Pagrus major
were examined by light microscopy. The neutrophils were round to oval (7.5-115 um in diameter) and
the nucleus round to kidney-shaped. Granules of the neutrophil were classified into two types ; acidophilic
granule (o G) and chromophobic granule (#G). The a G was round to oval (04 ygm in diameter)
and stained with May-Griinwald (MG) and MG-Giemsa (MGG) stain. The Giemsa staining pattern of
the granule was influenced by pH and concentration of diluent of the staining solution. Some enzymes,
such as acid phosphatase, a -naphtyl acetate esterase and naphthol AS-D chloroacetate esterase were
detected in the a G. The B G was round to oval (£05um in diameter) and unstained by Romanowsky
type stain (MG, Giemsa and MGG). This granule was peroxidase and sudan black B positive. The
Yasumoto body (Y-body) was also found in the neutrophil and toluidine blue positive.

Key words : neutrophil, granulocyte, red sea-bream, Pagrus major, morphology
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MERAEADOIER, %4 FRomanowsky B Je ta 5F ik
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< ¥ A {F Bk O FFERomanowsky# 4 . {% % Figs. 1 ~
A1TR L7z B ERIZEAETS~115 umD M F 721398
ETHh, MIBEMICIE o R E pRRIE & HIC, ZA/N
& (Y/ME) pBEs iz, LaL, y BRIz 5Nk
Holze Hix ORBEOBIPMRIE L Tz, SERIIBIE
SN o7,

a JEALIE, BREOAumMTOMEEFZFINHAE TS
D, MBEICESEEIEL T, AERIE, X 4-271) =
Y70 E (MG) FiC & A REE Cldikit i 2 LE5E
Zans (Fig 1). F72, SEHPGEEZ HW-MGH:f
WKLo TEHEBESN (Fig 2), Zo®#i, pHSOD
RIEEE (5mM) V) Y EEREH OB EIIZRFETH o7
# (Fig. 2-5), oFHFEE AW 2HE121F, wih
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i, AREL 10TV ThoRaREICBNTY, %
BowR B HE Sh7: (Figs3-2, 3-3), L&
L, fMEL 20THE, WFhoPaicsnTyd, B
BIND a FREPHTHY, Yhar 2L (Figs. 3-
1, 3-2)0 T/, RBEEORERLHWIHES, &Y
KERBETH o 72%% (Figs. 3-5~ 3-20), pHS.0TIA
REL 2012 BVT, 607 DOGE TIE o THABE SN
Lhol: (Fig 3-6). —7, BikE (/sM) OV VB
BB A V- F A RE TR, pH7.0B X UB0DHA,

FARE L 1 100TIE, WINOGEREEIZ BT AR
BHRaEEL, ZHREBESN (Figs. 3-31, 3-32,
3-35, 3-36)0 L&°L, MBOEMHTIIBESND o Fh
AT H o7z (Figs. 3-21~3-30, 3-33, 3-34). MG
P RIS F AR EHTMGCHRETIE, WThofH
IZBWTd, REREZEEZEIIL (Fig 4).

Fig. 1. A red sea-bream neutrophil stained with May-
Grunwald concentrated-solution, which served as
agents for both fixation and staining. After the
staining for 5 min, the sample was washed with
distilled water. Note many acidphilic granules

(a-1G) .Bar=5 um.

Fig. 2. Red sea-bream neutrophil stained with May-
Grinwald solution under various conditions.
After fixation and staining for 5 min with May-
Grunwald concentrated-solution, the sample was
stained again for 10 min in May-Grunwald diluted
with the following solutions : (1)distilled water,
(2) phosphate buffer ( 5mM, pH5.0), (3) phosphate
buffer (5mM, pH6.0), (4) phosphate buffer (5mM,
pH7.0), (5)phosphate buffer (5 mM, pH8.0), (6)
phosphate buffer (!/1sM, pH50), (7)phosphate
buffer (*/1sM, pH6.0), (8)phosphate buffer (}/15M,
pH7.0)and (9)phosphate buffer (!/1sM, pH8.0).
Arrowheads show Y-body. Bars=5 um.
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Fig. 3. Red sea-bream neutrophil under various staining conditions. Giemsa stain. After fixation for 5 min with methanol,
the sample was stained with Giemsa solution diluted with the following solutions : (1)distilled water at a rate of
1 : 20. Giemsa stain was for 15 min. (2)distilled water at a rate of 1 : 20. 60 min. (3)distilled water at a rate of 1
: 100. 15 min. (4)distilled water at a rate of 1 : 100. 60 min. (5)0.5 mM phosphate buffer (pH5.0) at a rate of 1
- 20. 15 min. (6)0.5 mM phosphate buffer (pH5.0) at a rate of 1 : 20. 60 min. (7)0.5 mM phosphate buffer (pH5.0)
at a rate of 1 : 100. 15 min. (8)0.5 mM phosphate buffer (pH5.0) at a rate of 1 : 100. 60 min. (9)0.5 mM phosphate
buffer (pH6.0) at a rate of 1 : 20. 15 min. (10)0.5 mM phosphate buffer (pH6.0) at a rate of 1 : 20. 60 min. (11)0.5
mM phosphate buffer (pH6.0) at a rate of 1 : 100. 15 min. (12)0.5 mM phosphate buffer (pH6.0) at a rate of 1 : 100.
60 min. (13)0.5 mM phosphate buffer (pH7.0) at a rate of 1 : 20. 15 min. (14)0.5 mM phosphate buffer (pH7.0) at
arate of 1 : 20. 60 min. (15)0.5 mM phosphate buffer (pH7.0) at a rate of 1 : 100. 15 min. (16) 0.5 mM phosphate
buffer (pH7.0) at a rate of 1 : 100. 60 min. (17)0.5 mM phosphate buffer (pH8.0) at a rate of 1 : 20. 15 min. (18)0.5
mM phosphate buffer (pH8.0) at a rate of 1 : 20. 60 min. (19)0.5 mM phosphate buffer (pH80) at a rate of 1 : 100.
15 min. (20)0.5 mM phosphate buffer (pH8.0) at a rate of 1 : 100. 60 min. (21)*/1:0M phosphate buffer (pH5.0) at
arate of 1 : 20. 15 min. (22)'/1:0M phosphate buffer (pH5.0) at a rate of 1 : 20. 60 min. (23)!/150M phosphate buffer
(pH5.0) at a rate of 1 : 100. 15 min. (24)'/150M phosphate buffer (pH5.0) at a rate of 1 : 100. 60 min. (25)!/150M
phosphate buffer (pH6.0) at a rate of 1 : 20. 15 min. (26)!/1:0M phosphate buffer (pH6.0) at a rate of 1 : 20. 60 min.
(27)'/1:0M phosphate buffer (pH6.0) at a rate of 1 : 100. 15 min. (28)!/1:0M phosphate buffer (pH6.0) at a rate of
1:100. 60 min. (29)'/10M phosphate buffer (pH7.0) at a rate of 1 :20. 15 min. (30)}/10M phosphate buffer
(pH7.0) at a rate of 1 : 20. 60 min. (31)/150M phosphate buffer (pH7.0) at a rate of 1 : 100. 15 min. (32)!/1:0M
phosphate buffer (pH7.0) at a rate of 1 : 100. 60 min. (33)!/1:0M phosphate buffer (pH8.0) at a rate of 1 : 20. 15
min. (34)!/1:0M phosphate buffer (pH8.0) at a rate of 1 : 20. 60 min. (35)'/1:0M phosphate buffer (pH8.0) at a rate
of 1:100. 15 min. (36)Y/150M phosphate buffer (pH80) at a rate of 1 : 100. 60 min. Arrowheads show Y-body.
Bars=5 um.
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Red sea-bream neutrophil under various staining conditions. May-Griinwald (MG) - Giemsa stain. After fixation
and staining for 5 min with MG concentrated-solution, the sample was stained with MG diluted solution in various
solutions for 10 min, followed by staining with Giemsa under the following conditions: (1)distilled water at a rate
of 1 : 20. Giemsa stain was for 15 min. (2)distilled water at a rate of 1 : 20. 60 min. (3)distilled water at a rate of
1:100. 15 min. (4)distilled water at a rate of 1 : 100. 15 min. (5)0.5mM phosphate buffer (pH5.0) at a rate of 1
- 20. 15 min. (6)0.5mM phosphate buffer (pH5.0) at a rate of 1 : 20. 15 min. (7)0.5mM phosphate buffer (pH5.0)
at a rate of 1 : 100. 15 min. (8)0.5mM phosphate buffer (pH5.0) at a rate of 1 : 100. 60 min. (9)0.5mM phosphate
buffer (pH6.0) at a rate of 1:20. 15 min. (10)0.5mM phosphate buffer (pH6.0) at a rate of 1 :20. 60 min.
(11)0.5mM phosphate buffer (pH6.0) at a rate of 1 : 100. 15 min. (12)0.5mM phosphate buffer (pH6.0) at a rate
of 1 :100. 60 min. (13)0.5mM phosphate buffer (pH7.0) at a rate of 1 : 20. 15 min. (14)0.5mM phosphate buffer
(pH7.0) at a rate of 1 : 20. 15 min. (15)0.5mM phosphate buffer (pH7.0) at a rate of 1 : 100. 15 min. (16)0.5mM
phosphate buffer (pH7.0) at a rate of 1 : 100. 60 min. (17). 0.5mM phosphate buffer (pH8.0) at a rate of 1 : 20. 15
min. (18) 0.5mM phosphate buffer (pH8.0) at a rate of 1 : 20. 60 min. (19) 0.5mM phosphate buffer (pH8.0) at a
rate of 1 : 100. 15 min. (20) 0.5mM phosphate buffer (pH8.0) at a rate of 1 : 100. 60 min. (21)!/1:0M phosphate
buffer (pH5.0) at a rate of 1 : 20. 15 min. (22)'/1:0M phosphate buffer (pH5.0) at a rate of 1 : 20 60 min. (23)'/1:0M
phosphate buffer (pH5.0) at a rate of 1 : 100. 15 min. (24)!/1:0M phosphate buffer (pH5.0) at a rate of 1 : 100. 60
min. (25)/1:0M phosphate buffer (pH6.0) at a rate of 1 : 20. 15 min. (26)%/1:0M phosphate buffer (pH6.0) at a rate
of 1:20. 60 min. (27)!/1:0M phosphate buffer (pH6.0) at a rate of 1 : 100. 15 min. (28)!/150M phosphate buffer
(pH6.0) at a rate of 1 : 100. 60 min. (29)/1:0M phosphate buffer (pH7.0) at a rate of 1 : 20. 15 min. (30)%/150M
phosphate buffer (pH7.0) at a rate of 1 : 20. 60 min. (31)!/1:0M phosphate buffer (pH7.0) at a rate of 1 : 100. 15
min. (32)!/1:0M phosphate buffer (pH7.0) at a rate of 1 : 100. 60 min. (33)!/150M phosphate buffer (pH8.0) at a
rate of 1 : 20. 15 min. (34)'/150M phosphate buffer (pH8.0) at a rate of 1 : 20. 60 min. (35)'/150M phosphate buffer
(pH80) at a rate of 1 : 100. 15 min. (36)'/150M phosphate buffer (pH8.0) at a rate of 1 : 100. 60 min. Arrowheads
show Y-body. Bars=5 um.
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WIN DM DRomanowsky Rl ge i |2 8T b IR 2 B
PR, #EMEThHo7r (Figs. 1~4)o

Y/MER, WThORBEFIIBVWTLEFREZEL, B
WRIZAE, BRE, MR EEHTH o7 (Figs. 1~4),

<A IR EROMABALF AR E % Table 1 1IZR L72o BR
H7%2 A 77%—¥ (AcP), B-FNZua=¥—+E (B
Glw), a-77F V77— ML ATIF—¥ (a-NAE),
a-F7FNVTFL—bILATI5—¥ (a-NBE) BLUF
7 F—WASDZ OO T tETF—- P RTT—FE
(NASDCAE) WM 0FHEARTHE F ZIZNHEORE
MRS BIZE Sz (Figs. 5-1~5-5)0 WO
PR D BRE04 umPL T THh 57225, AcP, a NAEB L
NASDCAERG BRI IE, MIREIZZHBE SN DIIHN
LT (Figs. 5-1,5-3,5-5), f-GluB £ 1" a-NBER;
VERERIZ A TH o 72 (Figs. 5-2,5-4), F72, B-Glu
PR 2 & R WIFRIR S I L72e RV AF T8 —¥
W, FIEF 22390 o B R (R &05 umbL
T) LTROHLN, MBEICHEMHL W (Fig 5-
6)e TIWANET+ AT 75 —¥ (AIP) IHRHEE %
#2720 Periodic acid Schiff /Ut (PAS) 2 F1% o $Hkr 23
MR - L g s (Fig 5-7). PASH YRR
MIE & 721300 I C, EE03umbl T TdH - 72 PASH
MR, -7 37— EREIZ L > TEEITHEL 72

F72, MIBEEE LPASICEBMETH 7245, Thd a-
TEG—BURIC L2 THE LR, THUYT LT I—
(AB) HaTlE, BHUESHMNIBIE SN 2h o7, BEK
WCHBEMRLEZ M VAP 7v— (TB) I & 580 T,

A2 DR RS HEFEOMRKLEEM SV HEBE SN

— 9 —_—

Fig. 5. Cytochemistry of red sea-bream neutrophil. (1)
acid phosphatase, (2) f-glucronidase, (3)a-naphtyl
acetate esterase, (4) a-naphtyl butyrate esterase,

(5)naphthol AS-D chloroacetate esterase, (6)
peroxidase, (7)periodic acid Schiff reaction, (8)
toluidine blue in distilled water, (9)sudan black
B. Bars=5 ym.

Table 1. Summary of reactions of red sea-bream neutrophil to cytochemical tests

Test

Positive site (shape, number and size)

Periodic acid Schiff reaction (PAS)
PAS after digestion with o-amylase
Alcian blue (pH1.0)

Alcian blue (pH2.5)

Toluidine blue (distilled water)
Sudan black B

SudanIll

Oilred O

Alkaline phosphatase

Acid phosphatase

B-Glucronidase

a-Naphtyl acetate esterase
a-Naphtyl butyrate esterase
Naphthol AS-D chloroacetate esterase
Peroxidase

Granule (round or oval, many, ¢ =0.3um); Hyaloplasm

Granule (amorphous, a few, equivalent to Y-body)

Granule (round or oval, many, ¢ =0.5um, equivalent to BG)

Granule (round or oval, many, ¢ =0.4um, equivalent to aG)
Granule (round or oval, a few, ¢ =0.4pm)
Granule (round or oval, many, ¢ =0.4um, equivalent to aG)
Granule (round or oval, some, ¢ =0.4pum)
Granule (round or oval, many, ¢ =0.4um, equivalent to aG)
Granule (round or oval, many, ¢ =0.5um, equivalent to BG)

—, non detection.
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(Fig. 5-8)6 4NV Y FOBIU XY v M#ffsTIIE
WEEPBBE SN2 o, X¥ Y75y 2B (SBB)
BT, RESumUToMEE ZIMHABOEEHE
AR EICTEm L g S (Fig 5-9),
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Cho 77 (DBEAESE) CBWTHESLTBY IS 12
WENOBBIIBVWTOBREEHTOMCRETREEL T
L, FAFRETEREIN NI E, BLUMGHEET
ARYERL % et L7 B 10 F AP R i & e AT
TRIEFMOENT WA IS F7- 0 g B ORI,
FYTTOTFTIRERE @RS, a1 8L 04
VT4 FETTEARS Y, 452 TRERY, vrx
BLOMT 7/ CIRARE, AR EAEERTHE Y,
AW RS S, & A FRERICHR 7239 B0 o
HWOBEEINL, L, FoBHIImRoEgGaEE
R o T, ¥ A IFHERD o TR, WTHOFHR
WEAVTOMGREGIIEED, FAFRBIIBWTY,

TRE, WO, &R, MR, S

FRBEOBBIC Lo THREBEIN, MGGREBEZH L T
b, REBOERTHIZEALRDON o7, Lz
T, *5 4D ERONEYOREET 72132 OWELER
L, MIROBEBAEERBERLEEZOND,

o Bk LB L IERLE, w5 A ofoEEOmERIZIE
BEsNaholl s, REHIE< S A IFHERORE
CHERGZEEERLEEZ LN,

BERE, TNETREEOLIRELAETOEGAHE
(FY¥FTOTF, TFF, aA, J=WrLT FAN
FATET, A%x, AV, FAATFNA, T—F)N,
AXF, CTAREF, FAVIAXX, vIA FFTTH)
TREOLNTWE P, wFhofBlcBWTd §ERE
HErSHAETHY, BREERT7 YT 7E75T05um
BT, wFFT06umblFY, a4 THO5um® ¥,
J=HFY L 2 TO5umbll TS, FANF AT, AH
F, X TFNX, TN—FANBLTL T AT05~10u
m® &M XY FT05~11um”, AXF, FALF,
AN AREBIOI T 77 TI0uml FTH 5 9,
KEFEIIBWT, v A ICH M EIIINEO g R
BEsh, ZOERI05umblTTHY, MoBEEMHIE
ERIBETH o 720

INFETIE, I 5BECAEIIBYT, WEEEERT
REFROY MESFFRICBESNA TR 25, oy
WCBWThH, REME Aeromonas hydrophilaZ N5 B

Table 2. Comparison of cytochemical characteristics of fish neutrophil
Fish and type of cytoplasmic granule®
Test' Sf(aG, BG, | 4/ (oG, BG, El(BG) L (BG) Lj (BG) LI (BG) Gp (BG) Pm (G, Po (BG) Tr (oG, BG)
¥G) 18] BS)

PAS H: -+ H: + H: + H: + H: + H: + H: + H: + H: + H: +

G + G + G + G: + G: + G + G: + G: + G: + G: +
PAS-uA H: — H: — H: — H: — H: — H: — H: — H: — H: — H: —

G: — G: — G — G — G — G: — G — G: — G — G: —
AB (pHLO) | — [ - — — = — — = -
AB (pH2.5) | — - = - — - - - — -
TB +,eqYb +,eqYDb +,eqYb +,eqYb +,eqYb +,eqYb +,eqYb +.eq Yb +,eqYb +,eqYb
SBB + + + + + + + +, eq G + +
ST - = = - - - - - - -
ORO — - - - — - — - — -
AIP - - - - — - + - — -
AcP - +,eqyG +,eq BG - + + + +,eqaG + +
B-Glu - + + - - - - + - -
a-NAE + +, eqyG + - + + + +, eqaG + +
oa-NBE + +,eqvG + - - - - + - +
NASDCAE | +,eqyG + + - + + - +,eq aG — +
PO +,eq BG +,eq BG +, eq BG +, eq BG -+, eq BG +,eq BG +,eq BG +,eq BG +,eq BG +,eq BG

'PAS, periodic acid Schiff reaction; PAS-uA, PAS after a-amylase digestion; AB, alcian blue; TB, toluidine bluc; SBB, sudan black B; SII, sudan II; ORO, oil red O; AIP, alkaline phosphatase; AcP, acid

B-Glu, p-g!

dase; o-NAE, a-naphtyl acetate esterase; «-NBE, a-naphtyl butyrate esterase; NASDCAE, naphthol AS-D chloroacetate esterase; PO, peroxidase.

*Sf, Seleropages formosus (Asian arowana,Kondo and Takahashi (2009)); 47, Anguilla japonica (Japanese eel, Kondo and Takabashi (2009)"); El, Exes lucius (northem pike, Kondo ef al. (2008)®); L,

Lepomis macrochirus (bluegill, Kondo ef al. (2005)%); Lj, L labrax j icus (

2p Jap seabass, Kondo e al. (2007)'™); LI, Lateolabrax latus (scabass, Kondo ef al. (2007)'%); Gp, Girella punctata

(rudderfish, Kondo et al. (2005)%); Pm, Pagrus major (red sea-bream, present report); Po, Paralichthys olivaceus (Japanese flounder, Kondo ef al. (2005)¥); 7r, Takifugu rubripes (tiger puffer, Kondo et af.
(2007)¥); oG, eosinophilic (acidophilic) granule; BG, chromophobic granule; G, basophilic granule.

*H, hyaloplasm; G, granular; =, negative; -+, positive; eq, cquivalent to; Yb, Yasumoto body.
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BB ET, F/MEEETHIFPERSIEFICRE TS
TEBHEENTVAY, v ¥ OFHERICD YAMEDE
BEAINLZE2S, AMRIZESREICKBTIRE L
Abhb,

<& A OF IR, FRE 23R OPASKEHERER
PHIFB IS HBE SN, Lo L, PASHEENIL o
WBLUBEML Y A/INETHY, FENO LD ICHIZE
KEHEMTHILid v, 3510, PASHHEEN L a-7 3
TPl Lo TREIHIESINSZ &b b, PASHEIEN
B a-rrEERGETAEERTHD, aBLUP
PR L X R A BLEEZOND, AP, a-NAEB & U
NASDCAEM MR L, MR SBBESN, RE04
umB TORBELRBARTHLI LD, IHLDOE
FIEHL o ERICEAET A EEZOND, —F, B-GleB
LU a NAEBHBERIZ LB WI s, REROFIEH
MIFETE v, UVt ¥ ¥ ¥ — B HR & SBBE 14
PR, AEEFARIAE TS, EEI0SumTT
HBHI L, T, MBEICERTAI LD, FEEAICH
BEBLEZOND, INFE T, EEHEOCITHERIZIZ
EREMEIHREBE IN TS0 (Table2), FEIMBLAHE
FEENTWE LD R, TYTTOTFFHRIRTIEy
WA ASNASDCAERETH 0 ¥, 7 FF D y JRIZITACP,
a-NAEB XU a NBEDXHET 5 LEZONTWE Y, &
72, =W SIFREROACPIE I f R ICBET B
EEZBNTWEY, —F, ~WFFLF—ERTVTT
O, wFFE, SRy TA—FL, ATV,
ARE, BFARF, LIABIUPL T 7BV TEHE
EhTHH LB R R E S B X UBRE
PLTwBZ e, AERESBEHICBETLLEZS
NTW B L8680 TREMEA I 7 VT TR T S, ¥
FE P UNL Ly TN—FN, ATVF, AXF b
GAXF, CITABLIU LT 7BV THERINTEY
1.2:5.6.8700  gpmes gy A S YMEISHS T 5 L%
ABLNTWwAEL2SESW e g 25T HA
hydrophiladf&4e\Z & o THB L 2R ERO Y/MEE, TBIC
BiETH DI EFRESNTVEY, TBREICL > T
T A PRI 4 OREE R THROMK LR BT
BaNh, FOERBEORE,IL, TV M1IIBWTHTBY
HEALYMEICHE T B B b b,

T A OIFRERIC o Sl & FREENAERET A 2 LiE, K
BREPTHICEINDLZEEFRBL TS, LAL, o
RWOREHEN, ZNETEHEESRTVLIEOLT 7S

CRBRBIEDPDL, FITTERTAEEFNEFNILA
L IOBECHSTAZL2RET S, 778IL, AXF
BOSRELAEEZLNTVEY, LL, M7/
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